Correlation between vestibula-ocular (caloric) reflex and the electroencephalogram was examined in 25 apparently brain-dead and 17 severely brain-injured patients. Among the apparently cerebrally dead, 3 patients still had some EEG activity and in 2, there was some response to caloric testing. In the control group of patients some EEG activity was present in all, and the caloric response was absent in 1. It is concluded that absence of caloric response has similar power to the electroencephalogram in confirming cerebral death. The diagnosis, however, must be made on the total information available, including history and examination of the patient. The policy of the Intensive Care Unit of Prince Henry Hospital in this regard is outlined.
There has been much recent public discussion of brain death. Effective resuscitation techniques are now so widely available that most doctors who practise in an acute hospital are faced with the problem at some time. Misapprehensions as to the criteria for diagnosis and the legal situation concerning brain death are common. The importance of early recognition of brain death in the context of cadaveric organ transplantation is obvious. Even when the question of transplantation does not arise early recognition of the hopeless situation consequent upon death of the brain is important; to shorten the period of uncertainty for the victim's family and to prevent the waste of expensive community resources. There is understandable reluctance for medical practitioners to pronounce death on the basis of irreversible loss of brain function rather than on the more obvious grounds of cardio-circulatory arrest. Yet, as we become better and better at maintaining cardiorespiratory function, the need for recognizing the hopeless situation becomes greater. Legally, a definition of death based on irreversible cessation of brain function has already been proposed by the Australia Law Reform Commission (1977) , and such statutes have already been enacted in other parts of the world.
Reluctance to diagnose brain death has led to a demand for "objective" tests to support clinical judgement. Such tests were indeed made available in abundance. The first such test to be used was the electroencephalogram (EEG). As its use was fraught with numerous pitfalls for the inexperienced, strict guide-lines were laid down for interpretation (Beecher 1968 , Silverman et al. 1969 . It was not more than a year before it became obvious that, while EEG criteria could be helpful at times, in many instances the test was superfluous (Beecher 1969) . Radiology has been used to demonstrate absence of cerebral blood flow (Revilliard, quoted by Harp, 1974) , but angiography is an invasive test which is rarely justified. Where equipment permits, cerebral blood flow can be measured or estimated indirectly (Torda 1976) by procedures which are time consuming or require special equipment and are invasive and therefore warranted only under unusual circumstances.
It is now well recognized that brain death should be diagnosed on clinical grounds, taking particular account of the history to establish the irreversibility of the patient's state. The criteria for recognizing brain death have been reviewed and set out clearly by joint working parties of the Royal Medical Colleges and their Faculties (1976) . Prompted by the concepts expressed in that document, a study was carried out to compare the cold water caloric (vestibulo-ocular reflex), a simple bedside test, with the EEG as a confirmatory test of brain death.
METHODS
Cold water caloric tests and EEG's were done on two groups of unconscious patients. The first group consisted of patients who fulfilled the following clinical criteria for brain death; 1. Absence of cranial reflexes:
(a) light reflex (b) corneal reflex (c) oculocephalic reflex ( doll's eye manoeuvre) (d) laryngeal and carinal cough reflex. 2. Absence of all response to pain in the distribution of the cranial nerves. 3. Absence of change in pulse rate after intravenous injection of atropine sulphate 1.0 mg. This group contained 25 patients, who will be referred to as "the subjects".
The second group contained 17 patients, all unconscious with signs of extensive brain damage from various causes, but all with spontaneous respiration, and preservation of at least some of their brain stem reflexes. They will be referred to as the "control" group. The causes of brain damage in the two groups of patients are set out in Table I . The electroencephalograms were recorded on an eight channel machine and at least three montages were recorded on each patient.
Recordings wcre made at sensitivities up to 2.5 pV /mm and tracings were taken to record background artefacts and extracerebral potentials.
The EEGs were classified as follows: Moderately abnormal: fast rhythms (> 8 Hz) present, whether or not they were superimposed on waves of lower frequencies.
Severely abnormal: Slow rhythms « 8 Hz) with or without short periods of silence in some leads. Grossly abnormal: Prolonged periods of extensive silence interrupted by slow activity.
The cold water caloric test was carried out in the following manner. The external auditory meatus was inspected to exclude perforations of the ear drum or impediments to the flow of water, such as impacted wax. The patient's head was flexed 30° to the horizontal. The external auditory canal was then irrigated for at least two minutes with ice cold water through a soft catheter, using at least 50 ml water. The eyes were observed for a further two minutes after irrigation was ceased, if no response had been noted earlier. The normal response consists of deviation of both eyes to the irrigated side followed by nystagmus away from that side.
Responses in our patients were classed as present: (deviation followed by nystagmus), abnormal (deviation present but only slight or occasional nystagmoid movements) or minimal (eye deviation only).
RESULTS
Among the 25 subjects (those who could be considered cerebrally dead on clinical grounds) there was some EEG activity in three patients. This activity was grossly abnormal consisting of occasional slow waves interspersed with periods of silence. The longest survivor "lived" for five days, the other two suffered circulatory arrest within eight hours. In two patients the EEG was isoelectric but there was a minimal response to the caloric test. They survived for four days and one day respectively. These results are shown in Table 2 . The correlation of the caloric test with the EEG in the control group of patients is shown in Table 3 . Of the 17 patients, caloric response was normal in five, abnormal in seven, minimal in four and absent in one. Only four of these patients survived longer than 28 days, three of them to return to the community and one in a vegetative state. o 1/0 2/0 o One patient, a 32 year old female, suffered cardiac arrest during induction of anaesthesia for renal transplantation. The following day, although she made spontaneous respiratory efforts, her EEG was reported as "probably no cerebral activity" and she showed no response to caloric testing. Twenty-four hours later, her EEG showed some 4-6 Hz activity bilaterally and both eyes deviated on caloric testing albeit without nystagmus. She was tested again on the third day following her cardiac arrest, when the EEG was again isoelectric, but on testing, she now showed some nystagmus on one side and deviation of the eyes only on the other. Four hours later, she became hypotensive and died. Respiratory efforts were present at the time of death confirming the presence of brain stem function.
DISCUSSION
Cerebral death is consequent upon irreversible loss of brain stem function rather than loss of cortical activity only, which tends to result in persistent vegetative states (J ennett 1976) . Tests of brain stem function, therefore, are more appropriate to the diagnosis of brain death than those of cortical function and there are numerous reports in the literature of prolonged survival of patients with isoelectric EEGs (Crow and Winter 1969 , Bennett et al. 1971 , Bricola et al. 1971 although the likelihood of such survival is very low when drug intoxications are excluded (Silverman et al. 1969) . Conversely, two cases Anaesthesia and Intensive Care, Vol. VII, No. 2, May, 1979 are reported in the literature of patients with severe cerebral lesions who survived transient loss of the vestibulo-ocular reflex (Rosenberg et al. 1975 ) and indeed we noted in one of our control patients transient absence of response to caloric testing.
Of the clinically brain-dead subjects, four survived for longer than 48 hours, one for four days (EEG isoelectric, caloric response minimal) and one for five days (EEG grossly abnormal, caloric response absent). Of the control patients, two with moderate EEG abnormality returned to the community (one with caloric response present, one with caloric response abnormal at the time of testing) as did one patient with severe EEG abnormality and abnormal caloric response. Two of these patients were under 20 years of age, the third was 41 years old.
In confirmation of the diagnosis of brain death the cold water caloric test correlates with other criteria as closely as does the EEG. In our opinion, it should carry the same weight in influencing the decision of a clinician, which must in the final count be made on all the evidence available to him. The data presented demonstrate that electroencephalography is not a more sensitive test than the cold water caloric responses and neither by themselves offers adequate grounds for the diagnosis of brain death. Because testing of the oculovestibular reflex by cold water instillation requires no special equipment to perform, or special skill in interpretation, it has now been adopted in our Intensive Care Unit as a mandatory examination, in conjunction with the other tests of cerebral function outlined in the introduction, before brain death is pronounced. Our full procedure used in the determination of brain deal'h is set out in the appendix, and is based on the recommendations of the Royal Medical Colleges.
The physician in charge of the case and one other experienced doctor carry out independent examinations of the patient and agree in their diagnosis. If the primary diagnosis is in doubt, the opinion of a neurologist or neurosurgeon is obtained.
Where the question of organ transplantation arises, neither doctor should be a member of the transplant team or be associated with the possible organ recipient.
The status of the patient:
The patient must be deeply comatose and the following conditions have been excluded as the cause: 
Absence of respiration:
Respiration is absent in the presence of adequate CO~ stimulus, PaCO~ > 60 mm Hg (7.8 kPa) (Schafer and Caronna 1978) . As elevation of PaCO·> can result in a rise in intracranial pressure ~nd possible medullary coning, this is the last test carried out. The technique used has been outlined previously (Torda 1976 ). If estimation of PaC0 2 is not available, apneoa for 10 minutes following the administration of 5 % CO~ in oxygen should be permitted. The patient should be de-nitrogenated by breathing oxygen or 5 % CO 2 in oxygen for 20 minutes and should NOT be disconnected from the respirator but should be allowed to trigger ~he respirator by any spontaneous efforts, or to register respiratory efforts on the airway pressure gauge.
5.
The tests are carried out in the sequence described. If any responses are detected further tests are not carried out (e.g. if the patient has a cough reflex, atropine is not administered, nor is an attempt made to confirm absence of respiration) .
Repetition of testing:
We consider it desirable to repeat the tests with the exception of the test for apnoea, on two separate occasions at least some hours apart. Testing for apnoea is only carried out on the final occasion. 7. Action after diagnosis of brain death:
When the diagnosis is reached, ~he family is informed immediately, preferably by the doctor with whom they have had most contact. They are informed that the brain has ceased to function and that no hope of recovery exists, and that this is the beginning of the death process. Respiratory and circulatory support is then stopped, except in the occasional case where such action at that time would jeopardize the possibility of organ transplantation. In such cases it is explained to the family that measures are being taken to maintain the circulation and the purpose of this action.
